Behavioral and developmental problems in children are among the most pervasive sociological issues in the United States today. Learning With the focus in toxicology shifting toward the study of low-level effects, researchers are finding that neurobehavioral end points in exposed children and animals can be observed at doses far below those that cause more obvious signs of toxicity. Chemically induced problems with coordination, perception, and cognitive ability in children can be hard to identify, and teasing their sources out of a host of genetic and sociocultural influences is a difficult task. But as data to support these end points continue to accumulate, pressure is mounting to improve test methods, explore causation mechanisms, and develop appropriate strategies for risk assessment and policy making regarding the effects of lowlevel chemical exposures in children.
Testing Behavior
Neurobehavioral effects from environmental chemicals in children have been most convincingly documented for three chemicalslead, methylmercury, and polychlorinated biphenyls (PCBs)-although pesticides are also suspected of causing such effects. Solvents and polyaromatic hydrocarbons are also associated with neurobehavioral effects, but as these exposures are usually encountered in occupational settings or upon deliberate inhalation, the risk to very young children is smaller.
One reason for the lack of data on neurobehavioral effects is that documenting subtle behavioral changes in children is enormously complex. The nature of behavior itself is highly variable and dynamic. Bernard Weiss, a Whereas lead has long been recognized as a potent neurotoxicant, it is only during the last 20 years that low-level exposures have been linked to deficits in children. In a landmark study of first-and second-grade schoolchildren from the towns of Chelsea and Somerville, Massachusetts, published in the 29 March 1979 issue of the New England Journal of Medicine, Needleman found that behaviors such as distractibility, decreased persistence, dependence, and daydreaming were significantly correlated with elevated levels of lead in children's teeth. These findings contribute to a more recent hypothesis that in some cases lead may play a role in the development of ADHD. According to Bellinger, in the early 1990s the American Psychological Association refined the diagnostic criteria for ADHD to encompass two major categories: an impulsive hyperactive subtype and an inattentive subtype. Bellinger says that Needleman's findings closely parallel the criteria used to diagnose children with the inattentive subtype of ADHD. But lead's role in the etiology of ADHD is a subject of continuing investigation, he cautions, and it is likely that a host of other suspected risk factors, including genetic predisposition, maternal smoking and alcohol use, and complications during pregnancy, are also involved.
There is still much to be learned about ADHD, adds Andrew Rowland, an epidemiologist at the NIEHS. "A lot of basic information is missing. We need to understand more about the epidemiology of ADHD and how it distributes throughout the population." Rowland is conducting a m1iUy, of Mu3
two-year study of ADHD in a population of 8,000 children in North Carolina. This study will help to identify subpopulations in which the disorder is most prevalent and investigate possible causative factors, including reproductive problems such as preterm delivery and pregnancy complications and childhood blood lead levels. Needlemani is also continuing to investigate lead's relationship with ADHD and is just beginning a clinical study that will assess lead exposures in 250 children already diagnosed with the disorder.
Children with clinical lead poisoning are usually treated with chelating agents that bind the metal and help flush it out of the body. Walter Rogan, medical research officer in the Epidemiology Branch of the NIEHS, is currently studying whether treatment with a chelating agent knowni as succimer can reduce or prevent lead-induced developmental delay [see NIEHS News, p. A298]. Prescribed for children poisoned at levels of 45 pg/dL or greater, this is the first study to evaluate lead's effects on neurological function following lower-dose exposures. "Treatment is a big question."' says Bellinger. "Hopefully, Rogan's study will help us answer the question of whether chelating treatments have a beneficial effect. But all of these findings are pointing out the need for primary prevention. We don't want kids to get to 15 or 20 pg/dl in the first place. That's why screening for blood lead levels and abatement are so importanlt."
Fortunately, the United States is benefiting from public health initiatives that have restricted most uses of lead and increased the public's understanding of its toxic effects. Mean blood lead levels in U.S. children have dropped from 13 pg/dl in the late 1970s to 3 pg/dL. But challenges in lead reduction efforts continue to be faced abroad, particularly in the developing world, where the continued presence of leaded gasoline, lead-based paints, and industrial discharges conltributes to high levels of exposure. Mexico City, for example, is 15 years behind the United States in terms of its phaseout of leaded gasoline, and high body burdens of lead in the Mexican population are a continuing problem.
Methylmercury Raises Questions
Unlike lead, for which the critical window for exposure appears to occur postnatally, the fetal stage is consid- deficits in macaques exposed to methylmercury in utero. However, she adds that whereas epidemiologists have raised questions concerning cognitive effects from methylmercury in exposed children, the animal data are largely negative in this respect. "The evidence for cognitive effects from methylmercury in animal models is not compelling," she says.
Translating the available toxicology and epidemiology data to estimates of the amount of fish that can be eaten safely is a difficult task. Consumption completed. "We're taking a wait-and-see approach," says Kathryn Mahaffey, an environmental health scientist at the National Center for Environmental Assessment, who expresses the agency's opinion that regulatory actions in the face of conflicting study results should err on the side of caution with the aim to protect public health. "There's also a National Academy of Sciences conmmittee being formed to review methylmercury," she says, "and we're going to wait for those results." That committee's results should be available in May 2000.
Sources of exposure to PCBs are varied, but the most important is consumption of contaminated foods, especially fish. PCB-contaminated soils and dusts are also potentially significant, as is consumption of fruits and vegetables grown in contaminated soils.
Joseph and Sandra Jacobson, both professors in the Department of Psychology at Wayne State University in Detroit, Michigan, are following a cohort of children who had both transplacental and breastfeeding exposures to PCBs through their mothers' consumption of tLake Michigan fish. In a study published in the 12 September 1996 issue of the New EnglandJournal ofMedicine, the Jacobsons found that adverse neurologic and intellectual effects observed during infancy and early childhood were still apparent at the age of 11. But these effects were only seen in the most highly exposed children, those who were born to mothers with PCB concentrations in cord and maternal blood of 4.7 and 9.7 nanograms per milliliter respectively, and 1.2 pg/g in maternal milk. Even though these were the highest concentrations observed in the study, the authors pointed out that they were only slightly elevated above those found in the general population. Despite the fact that more fat-soluble PCBs are transferred during breastfeeding than transplacentally, studies of neurobehavioral end points in PCB-exposed children have shown that persistent deficits during adolescence are associated mainly with transplacental exposure, suggesting that the fetal brain is the most sensitive target organ for neurotoxic effects. children were associated with an average IQ score that was 6.2 points lower than that of less-exposed children within the same cohort. Furthermore, 8 of the 12 children in the highest exposure group were at least one year behind their peers in word or reading comprehension, and all but one lagged behind bh at least six months.
Joseph Jacobson says these findings may be particularly worrisome because PCBs are ubiquitous in the environnmenit, and maternal body burdens were similar to those of the general population in the United States. This widespread low-level contamination makes it difficult to find a suitable control study group, and Jacobson is quick to point out that in order to document effects, it is necessary to look carefully at children with the highest overall exposures. "Children at the upper end of the exposure distribution are at risk," he says, "but because of the way the food supply is distributed, these childrell are randomly distributed as well, and it's hard to identify a cohort." Jacobson is currently continuing his investigations of PCB exposures in children in a population of Inuits in the Arctic. "They eat a lot of fat from sea mammals that eat a lot of fish," be says. "PCBs accumulate to high levels, and we think we can learni a lot from studying [the Inuit population]."
Limited Data for Pesticides
The neurobehavioral effects of pesticides, particularly organophosphates, carbamates, and organochlorine pesticides, are also a subject of increasing concern, although there are currently few data available to estimate the magnitude of the problem. Despite compelling evidence for neurobehavioral effects from pesticides in animals (which is not sur- According to Moser, the specific effects seen in animals depend in large part on the pesticides tested. "In some cases, activity is decreased and the first thing you see is increased lethargy," she says. These findings are interesting, because they corroborate the activity patterns that Guillette observed in the pesticide-exposed Yaqui children, whom she reported as appearing listless. "I thought there was more solitary play rather than group activities in the exposed children," Guillette says. "If prodded, they would play, but there was a noticeable lack of spontaneous creativity in their play habits."
As is the case in much of the developing world, several of the pesticides used in the Yaqui Valley, including lindane (sometimes used to treat head lice in children), endrin, read the labels on pesticides, many farmers subscribe to the concept that more is better), let alone at the low levels described in these studies. According to Weiss, several populations within the United States are particularly at risk, including families of migrant agricultural workers, who continue to be highly exposed.
Ultimately, the challenges posed by neurobehavioral toxicology lie in refining tests of cognitive and developmental skill sets in exposed children, identifying additional contaminants and mechanisms for behavioral effects, and improving dose-response measures in a way that facilitates effective risk assessment. Epidemiology studies are also needed to integrate the results of psychological and toxicological testing with possible population-level effects. Many of these areas are currently active areas of research. According to Landrigan, research directions of particular interest include further investigations into possible links between chemical exposures and both
